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DETAILED ACTION 

Claim Rejections -35 USC §103 

1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented arid the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

2. Claims 1-16, 1 8-26, 33 and 36 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over U.S. Patent No. 5,388,173 to Glenn in view of U.S. Patent No. 5,367,588 to Hill. 

Regarding to claims 1-16, 18-22, 33 and 36, Glenn discloses in Figure 1, "a 
tunable wavelength laser 10 provides a source beam 12 having a wavelength based on a 
signal on a line 14 from a controller 16 (discussed hereinafter). The light 12 is incident 
on an amplitude modulator 18, e.g., an electro-optic amplitude modulator or a spatial 
light modulator. The amplitude modulator 18 adjusts the amplitude of the input light 
signal 12 and provides a light signal 20 having an amplitude in response to an amplitude 
control signal on a line 21 from the controller 16" (column 3, line 64 to column 4, line 5). 

Glenn also discloses in Figure 1, "The reflected beam 25 is incident on a phase 
modulator 34, e.g., an elecro-optic phase modulator, which provides an output beam 36 
being phase shifted from the input beam 25 in response to a signal on a line. 3 8 from the 
controller 16. The phase shifted beam 36 is incident on a mirror 40 which provides a 
reflected beam 42. The reflected beam 42 is also incident on the region 30 of the optical 
fiber 32 and intersects with and interferes with the beam 28. Alternatively, a fixed phase 
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modulator may be used if desired, such as a phase plate. It should be understood that the 
phase modulator 34 may alternatively be placed in the path of the beams 24, 28, or .42" 
(column 4, lines 14-26). 

Glenn further discloses in Figure 5, "the mirror 100 provides a reflected 
collimated beam 108 having an angle .alpha, relative to the angle of the mirror 100. The 
beam 108 is incident on a lens 110 which focusses and directs light entering the lens from 
various different angles to provide output light 1 12 having substantially parallel central 
rays. The light 1 12 is incident on a collimating lens 1 14, which collimates and directs the 
light 1 12 as an output light 1 16 to a region 30 of the fiber 32 which is located at the focal 
plane of the lens 1 14" (column 6, lines 8-17). 

Glen further yet discloses in Figure 5, "the distance between where the light 108 
leaves the mirror 100 and the lens 1 10 is equal to the focal length fl of the lens 1 10. The 
distance between the lens 1 14 and the fiber 32 is equal to the focal length f2 of the lens 
1 14. Also, the distance between the lens 1 10 and the lens 1 14 is equal to the sum of the 
two focal lengths fl,f2 of the lenses 1 10,1 14, respectively. To have a change in the angle 
.alpha, cause the same change in the angle .THETA, onto the fiber, the focal lengths 
fl ,f2 should be the same; however, this is not required for the invention to operate" 
(column 6, lines 18-27). 

Glen furthermore discloses in Figure 5, "a similar arrangement exists between the 
adjustable mirror 102 and the fiber 32. In particular, a light 120 is reflected from the 
mirror 102 and is incident on a focussing and redirecting lens 122 which provides a 
focussed output light 124 (similar to the focussed beam 1 12 of FIG. 6). The focussed 
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light 124 is incident on a collimating lens 126 which provides a collimated light beam 
128 onto the region 30 of the fiber 32" (column 6, lines 28-36). 

However, Glen does not disclose the divided the input coherent beam are different 
orders. Hill teaches "the fabrication of optical waveguide devices such as intra-mode 
retro-reflecting Bragg gratings, mode convertor gratings, and rocking rotators have been 
achieved. The general approach for making these devices is to photoinduce a refractive 
index grating in the photosensitive core of the optical waveguide. The grating consists of 
a periodic modulation of the core's refractive index along the length of the waveguide. 
The period of the perturbation is chosen to bridge the momentum (propagation constant) 
mismatch between the two (normally bound) modes that the grating is designed to 
couple. At the resonant wavelength of the structure, phase-matched, efficient, power 
exchange between the coupled modes is possible" (column 1 , lines 21-35). 

Hill also teaches in Figure 1, "A phase grating slit-mask 1 is used in a precision 
photolithographic apparatus and is placed in contact, or near-contact, with an optical fiber 
3 , its grating striations 5 (as illustrated in magnification 6 of the mask) directed normal or 
near normal to the fiber axis. A UV light beam 7 from a suitable laser, a KrF excimer 
laser (249 nm) in a successful prototype is passed through the mask 1 by which it is phase 
modulated spatially and is diffracted to form an interference pattern 9A laterally (Bragg 
grating pitch) and along the incident laser beam direction 9B (Talbot pitch) as illustrated 
in magnification 1 1 of the core of the fiber" (column 3, lines 36-47). 

Hill further teaches in Figure 1, "the slit-mask preferably is comprised of a one 
dimensional surface-relief structure as shown at 6 fabricated in a high quality fused silica 
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flat transparent to the KrF excimer laser radiation. The shape of the periodic surface- 
relief pattern of the phase mask preferably approximates a square wave in profile, as 
shown at 6. The amplitude of the periodic surface-relief pattern is chosen to modulate by 
.pi.+2.pi.n radians (n=0, 1,2,3, . . . ) the phase of the UV light beam. In a successful 
prototype of the phase mask for a KrF excimer laser beam, the amplitude A of the surface 
relief pattern is given by ##EQU2## where .lambda, is the wavelength of the light used 
for writing (photoinducing) an index charge in the optical medium, and n. sub. silica is the 
refractive index of the silica used in forming the mask. This choice of surface-relief- 
grating amplitude results in a grating diffraction pattern for the design wavelength that 
nulls the zero-order diffracted (through) beam. In practice, the zero-order beam 13 has 
been suppressed to less than 5% of the light diffracted by the mask. The principal beams 
15 exiting our mask are the diverging plus-one and minus-one orders each of which 
contained typically more than 35% of the diffracted light" (column 3, line 48 to column 
4, line 6). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have utilize the phase mask with one dimensional surface-relief 
structure of Hill for the apparatus for writing grating of Glenn in order to achieve high 
accuracy in the translation of the optical fiber in front of the slit and permit the writing of 
several index perturbations in a single operation and thus reduce the exposure time of the 
grating. 
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Regarding to claims 23-26, Glenn discloses in Figure 3, "by performing 
successive writings of interference patterns having different amplitude, phase and 
frequency of spatial variations (and thereby producing correspondingly different periodic 
refractive index variations), an aperiodic refractive index profile can be created, thereby 
allowing for filter shapes other than a single narrow band reflection filter" (column 4, 
lines 56-63). Furthermore, it has been held that a recitation with respect to the manner in 
which a claimed apparatus and method is intended to be employed does not differentiate 
the claimed apparatus and method from a prior art apparatus satisfying the claimed 
. structural and methodical limitations. Ex parte Masham, 2 USPQ2d 1647 (1987). 

< 

3. Claims 27-29 are rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. Patent 
No. 5,388,173 to Glenn in view of U.S. Patent No. 5,367,588 to Hill in further view of 
4,466,694 to MacDonald. 

Regarding to claims 27-29, Glenn in view of Hill discloses a method of forming 
grating structure in a photosensitive waveguide, the method comprising the steps of: 
dividing an input coherent beam into at least three coherent beams; transmitting the at 
least three beams through respective optical paths in a manner such that they interfere at 
predetermined positions; placing the photosensitive waveguide at the predetermined 
position; and modulating/adjusting the relative phase and/or the intensity of at least one 
of the at least three coherent beams so as to form the grating structure comprising 
superimposed gratings of different orders with respect to a certain wavelength at the 
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predetermined position through refractive index changes induced in the photosensitive 
waveguide. 

However, neither Glenn nor Hill discloses the grating structure is used in an 
optical free space coupler. MacDonald teaches in Figure 1, "a planar optical waveguide 1 
which may form part of or be coupled to an optical fiber. Corrugations 2 are formed in a 
wall of the waveguide. Enclosing the waveguide around the corrugations is a cavity 
resonator 3 of the Fabry-Perot type, in which the axis of the resonator is transverse to that 
of the waveguide" (column 2, lines 22-28). 

MacDonald also teaches in Figure 1, "the resonator is comprised of reflectors 4 
and 5, one of which, shown as reflector 4, on the side adjacent the corrugations, is made 
leaky to optical radiation such that power which is coupled into the resonator leaks out 
faster than the power remaining in the waveguide" (column 2, lines 29-33). 

MacDonald further teaches in Figure 2, "the corrugations in the waveguide are 
made aperiodic, with a gradually diminishing period for example, such that a band of 
signals of controlled optical bandwidth could be coupled out. For the same purpose, the 
width of the waveguide can be varied along the length of the coupler, as shown in FIG. 3. 
These couplers can also act as wavelength-selective filters of controllable properties. 
FIG. 4 shows another variation using a tandem arrangement of corrugations of different 
periods for coupling a plurality of wavelengths sequentially out of the waveguide" 
(column 2, line 63 to column 3, line 5). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have utilize the phase mask with one dimensional surface-relief 
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structure of Hill for the apparatus for writing grating of Glenn to utilize in the coupling 
system of MacDonald in order to achieve high accuracy in the translation of the optical 
fiber in front of the slit and permit the writing of several index perturbations in a single 
operation and thus reduce the exposure time of the grating and furthermore achieve 
greater control of wavelength selectivity and permits single light-waveguide to be used as 
the carrier medium for a plurality of different signals. 

4. Claims 30-32 are rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. Patent 
No. 5,388,173 to Glenn in view of U.S. Patent No. 5,367,588 to Hill in further view of 
5,757,487 to Kersey. 

Regarding to claims 30-32, Glenn in view of Hill discloses a method of forming 
grating structure in a photosensitive waveguide, the method comprising the steps of: 
dividing an input coherent beam into at least three coherent beams; transmitting the at 
least three beams through respective optical paths in a manner such that they interfere at 
predetermined positions; placing the photosensitive waveguide at the predetermined 
position; and modulating/adjusting the relative phase and/or the intensity of at least one 
of the at least three coherent beams so as to form the grating structure comprising 
superimposed gratings of different orders with respect to a certain wavelength at the. 

predetermined position through refractive index changes induced in the photosensitive 

» 

waveguide. 

However, neither Glenn nor Hill discloses the optical waveguide is used as a 
sensing device. Kersey teaches in Figure 1, "the sensor array 1 1 comprises a series of 
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weakly reflecting (<<l%) broadband grating elements 13 at a set of nominal 
wavelengths . lambda. 1 to . lambda, m. The grating elements 13 can be arranged either in 
serial groups at each wavelength as illustrated in FIG. 1, or as interleaved wavelength sets 
as shown in FIG. 2. The grating elements 13 are sensors. They are designed to reflect 
over a broadband of wavelengths either by utilizing short gratings (e.g., a 100 .mu.m long 
un-chirped grating produces a grating with a bandwidth of .sup. . about. 1 0 nm at a 
nominal wavelength of .sup.. about. 1.3 .mu.m), or by using symmetric or asymmetric, 
aperiodic (chirped)grating elements 13. Preferably, they are of the linear edge fiber 
Bragg grating type. Illustratively, they are sensing the strain in the body (not shown) on 
which they are mounted" (column 3, lines 1-15). 

Kersey also teaches in Figure 1, "pulses of light from a series of lasers 14, 15, 16 . 
. . N, each at the nominal wavelengths of the grating wavelengths .lambda. 1, .lambda.2, 
lambda. 3, to lambda, n is injected through a wavelength combining device, a wavelength 
multiplexer 2 1 , and the combined optical signal is coupled into the sensing fiber 23 
through directional coupler 25. The light pulses are reflected off the series of broadband 
gratings 13 in the fiber 23 and produce a 'train* of reflected pulses. After reverse passage 
of the reflected pulses through the directional coupler 25, a second wavelength 
multiplexer 27 is connected to receive the reflected pulse train and to divide the 
wavelengths back out onto separate fiber * channels', illustratively 3 1 , 33, 35, and 37 for 
wavelengths .lambda. 1 to .lambda.4, each of which is fed to an associated one of 
detectors 41; 43, and so forth. Each detector 'sees* a train of pulses reflected from the 
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grating elements in the array 11, each grating element being written at the nominal 
wavelength corresponding to its channel" (column 3, lines 16-33). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have utilize the phase mask with one dimensional surface-relief 
structure of Hill for the apparatus for writing grating of Glenn to utilize in the sensor 
array of Kersey in order to achieve high accuracy in the translation of the optical fiber in 
front of the slit and permit the writing of several index perturbations in a single operation 
and thus reduce the exposure time of the grating and furthermore resolving a large 
number of concurrent signals at the relatively low power levels. 

5. Claims 34-35 and 37-41 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
U.S. Patent No. 5,388,173 to Glenn in view ofU.S. Patent No. 5,367,588 to Hill in 
further view of 6,292,603 to Mizuochi. 

Regarding to claims 34-35 and 37-41, Glenn in view of Hill discloses a method of 
forming grating structure in a photosensitive waveguide, the method comprising the steps 
of: dividing an input coherent beam into at least three coherent beams; transmitting the at 
least three beams through respective optical paths in a manner such that they interfere at 
predetermined positions; placing the photosensitive waveguide at the predetermined 
position; and modulating/adjusting the relative phase and/or the intensity of at least one 
of the at least three coherent beams so as to form the grating structure comprising 
superimposed gratings of different orders with respect to a certain wavelength at the 



Application/Control Number: 10/019,746 Page l 

Art Unit: 2879 

predetermined position through refractive index changes induced in the photosensitive 
waveguide. 

However, neither Glenn nor Hill discloses the optical waveguide is used as a 
dispersion compensator. Mizuochi teaches in Figure 1, "a dispersion compensation 
device according to a first embodiment of the present invention. In the figure, reference 
numeral 1 denotes a dispersion compensation device, 2 denotes a first input terminal for 
receiving a lightwave signal with a wavelength of .lambda.. sub. -i which requires a 
positive dispersion compensation, 3 denotes a first output terminal via which the 
dispersion-compensated lightwave signal with a wavelength of .lambda.. sub. -i is 
furnished, 4 denotes a second input terminal for receiving a lightwave signal with a 
wavelength of .lambda.. sub. +i which requires a negative dispersion compensation, and 5 
denotes a second output terminal via which the dispersion-compensated lightwave signal 
with a wavelength of lambda.. sub. +i is furnished. In addition, reference numeral 6 
denotes a chirped grating fiber, 7a denotes a first optical circulator having an intermediate 
terminal connected to one end portion of the chirped grating fiber 6 with a smaller grating 
pitch (or spacing) as compared with that of the other end portion of the chirped grating 
fiber 6, and 7b denotes a second optical circulator having an intermediate terminal 
connected to the other portion of the chirped grating fiber 6 with a larger grating pitch. 
The first optical circulator 7a has an input terminal connected to the first input terminal 2 
and an output terminal connected to the first output terminal 3. Similarly, the second 
optical circulator 7b has an input terminal connected to the second input terminal 4 and 
an output terminal connected to the second output terminal 5. The dispersion 
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compensation device 1 thus can introduce dispersion compensations of the same absolute 
amount but of opposite sign into both two input lightwave signals applied thereto by way 
of the first and second input terminals, respectively, by bidirectionally guiding them to 
the single chirped grating fiber 6 from the.two ends of the chirped grating fiber, 
respectively. In this specification, the dispersion compensation device 1 is hereafter 
referred to as BiDCG (or Bipolar Dispersion compensation Grating)" (column 7, lines 2- 
37). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have utilize the phase mask with one dimensional surface-relief 
structure of Hill for the apparatus for writing grating of Glenn to utilize in the dispersion 
compensation device of Mizuochi in order to achieve high accuracy in the translation of 
the optical fiber in front of the slit and permit the writing of several index perturbations in 
a single operation and thus reduce the exposure time of the grating and furthermore 
increasing the efficiency of dispersion compensation, and hence decreasing the cost of 
building a terminal station. 

Response to Arguments 

>. Applicant's arguments with respect to claims 1-16 and 18-41 have been considered but 
are moot in view of the new ground(s) of rejection. 

• In response to Applicant's argument that the Hill teaches away from the claimed 
invention of three coherent beams of different orders. Examiner asserts that even though 
Hill teaches the center beam or zero-order beam is being suppressed less than 5% of the 
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light diffracted by the mask; however Applicant merely teaches a three coherent beam 
nowhere does the Applicant claim the beam has to be of certain intensity and thus 
Examiner interprets that the center beam is one of the three beams that is being generated. 
Further, Hill teaches using the three coherent beams generate the gratings on the fiber, 
thus Examiner asserts that the Hill reference is valid. 



Conclusion 

7. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

The following prior art are cited to further show the state of the art of method and 
apparatus of composing a grating structure in a photosensitive waveguide. 
U.S. Patent No. 4,725,1 10 to Glenn. 
U.S. Patent No. 6,269,208 to Bhatia. 
U.S. Patent No. 6,542,690 to Ellison. 
U.S. Patent No. 6,694,075 to Bhatia. 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Dalei Dong whose telephone number is (571)272-2370. The 
examiner can normally be reached on 8 A.M. to 5 P.M.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nimeshkumar Patel can be reached on (571)272-2457. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

D.D. 

May 3, 2004 
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